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Mannan-degrading enzymes from the common sea hare,
Aplysia kurodai
(7 275> Aplysia kurodai D~ > F YRR BT A HF5E)
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Mannan-degrading enzymes are mainly produced by a wide range of microorganisms from
fungi to bacteria, and play a key role in the provision of energy for such organisms. Besides
microorganisms, several gastropods are known to produce mannan-degrading enzymes. But these
gastropod enzymes have not been so well investigated as bacterial and fungal enzymes. Aplysia
kurodai, a typical herbivorous marine gastropod, feeds on a variety of red and green seaweeds
which contain $-1,4-mannan as a structural polysaccharide. This gastropod is known to possess
various polysaccharide-degrading enzymes that digest seaweeds’ cell-wall materials providing
sugars available as carbon/energy sources. Thus, mannan-degrading enzymes also seem to play
important roles for the assimilation of seaweeds’ in this animal. Therefore, in the present study, the
author investigated the | general properties of mannan-degrading enzymes; i.e.,
endo-B-1,4-mannanase (EC 3.2.1.78; P-mannanase) and B-D-mannosidase (EC 3.2.1.25;
f-mannosidase), in the digestive fluid of 4. kurodai; and determined their primary structures by
c¢DNA cloning.

In chapter 1, purification and characterization of B-mannanase from A. kurodai are
described. A B-mannanase, named AkMan in the present-study, was purified from the digestive ﬂuid.
of A. kurodai by ammonium sulfate fractionation followed by successive column chromatographies
on TOYOPEARL phenyl-650M, TOYOPEARL CM-650M and Mono-S 5/50 GL. The purified
enzyme was characterized regarding molecular mass, enzymatic properties, substrate specificity
and partial amino-acid sequences. AkMan showed a single band of approximately 40 kDa on
SDS-PAGE. It showed a broad pH optimum at around 4.0-7.5 and an optimum temperature at 55°C.
This enzyme was heat stable and 50% of the original activity was remained after the incubation at
52°C for 20 min. AkMan was also stable in the acidic pH conditions, i.e., the activity practically
unchanged at a pH range from 4.0 to 7.5 by the incubation at 40°C for 20 min. Among the metal
ions, Fe** and Ag* caused moderate inhibition on AkMan; however, no considerable inhibition was
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caused by the other metal ions tested. Whereas, the activity was appreciably increased in the
presence of Co?*, Cu**, Mn*?, DTT and 2-mercaptoethanol. AkMan most preferably degraded a
linear B-1,4-mannan from a green algae Codium fragile producing tri- and disaccharides, then
glucomannan from konjak root as well as galactomannan, while could not degraded carboxymethyl
cellulose, agarose, dextran and xylan. These results indicate that AkMan is a specific enzyme to
mannan polysaccharides and regarded as a typical endo-B-1,4-mannanase (EC 3.2.1.78) which
splits internal B-1,4-mannosidic linkages of f-mannans. According to the action of AkMan to
mannooligosaccharides, the spatial expanse of substrate binding site of this enzyme was considered
to be in the size of mannopentaose-mannohexaose unit. The N-terminal and internal amino-acid
sequences of AkMan showed high similarity to those of other molluscan enzymes which belong to
glycosyl-hydrolase-family 5 (GHFS5). Thus, AkMan was also considered to be a member of GHFS.
In chapter 2, cDNA cloning and bacterial expression of AkMan are described. A cDNA
encoding AkMan was amplified by RT-PCR from 4. kurodai hepatopancreas cDNA. The cDNA
that includes entire translational region of AkMan consisted of 1,392 bp and encoded an amino-acid
sequence of 369 residues. The N-terminal region of 17 residues of the deduced sequence except for
the initiation Met was regarded as the signal peptide of AkMan and the mature enzyme region was
considered to comprise 351 residues with a calculated molecular mass of 39,961.96 Da. The
sequence analysis showed that AkMan belongs to GHF5 like other molluscan f-mannanases. The
catalytic residues which act as nucleophiles or proton donors in GHF5 enzymes are conserved in
AkMan as Glu162 and Glu293. Phylogenetic analysis for the GHFS p-mannanases indicated that
AkMan together with other molluscan B-mannanases formed an independent clade of the subfamily
10 in the phylogenetic tree. Accordingly, AkMan was confirmed as a new member of
GHF5-subfamily 10. The AkMan cDNA was subcloned into pCold I expression plasmid and
expressed in Escherichia coli BL21(DE3) as a recombinant fusion protein possessing a
hexahistidine-tag at the N-terminus. The recombinant AkMan purified by Ni-NTA affinity
chromatography showed a broad pH optimum similar to native AkMan; however, temperature
optimum and thermal stability was considerably lower than those of native enzyme. The actual
reason for such differences between the recombinant and native enzymes is currently obscure;
however, it may be possible to consider that the folding structure of recombinant enzyme is
somewhat difference from that of native enzyme. The substrate preference of AkMan and the

degradation products of B-mannan and mannooligosaccharides produced by recombinant enzyme
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were comparable to those of native enzyme.

In chapter 3, purification and characterization of a 8-D-mannosidase from A. kurodai was
described. The B-mannosidase, AkMnsd, was purified from the digestive fluid of 4. kurodai by
ammonium sulfate fractionation, TOYOPEARL Butyl-650 M, TOYOPEARL DEAE-650 M, and
Superdex 200 10/300 GL chromatographies. The enzyme has a molecular mass of approximately
100 kDa. The enzyme showed maximum activity on p-nitrophenyl p-D mannopyranoside at pH 4.5
and 40°C and found to be stable in the acidic pH range from 2.0 to 6.7 and the temperature below
38°C. The Km and Vmax values for AkMnsd determined at pH 6.0 and 30°C with a substrate
p-nitrophenyl p-D-mannopyranoside were 0.10 mM and 3.75 pmoL/min/mg, respectively. The
p-mannosidase hydrolyzed B-1,4-linked mannan and mannooligosaccharides and released mannose
residues from the substrates. The hydrolysis pattern clearly indicated that AkMnsd acted on these
substrates in an exolytic manner. In the presence of the Aplysia B-mannanase AkMan, the
production of mannose from linear B-1,4-mannan by AkMnsd was considerably improved
compared with the production by AkMnsd alone. These results suggested that both two enzymes,
i.e;, f-mannanase and B-mannosidase, are necessary to hydrolyse B-1,4 mannan efficiently.

In chapter 4, cDNA cloning of AkMnsd is described. A cDNA encoding AkMnsd was
amplified from the Aplysia hepatopancreas cDNA by the PCR using degenerated primers designed
on the basis of N-terminal and internal amino-acid sequences of AkMnsd. The cDNA consisted of
2,985 bp and encoded the sequence of 931 amino-acid residues. The molecular mass of mature
AkMnsd calculated from the deduced sequence was 101.97 kDa. The sequence of AkMnsd shared
20-43% amino-acid identity to those of GHF2 B-mannosidases. The catalytically important
amino-acid residues determined in GHF2 enzymes were completely conserved in AkMnsd. Thus,
AkMnsd is regarded as a new member of GHF2 mannosidase from marine gastropod. As far as
authors” knowledge, this is the first report on the cDNA cloning for invertebrate B-mannosidase.

In conclusion, this study revealed that endo- and exo-acting mannan-degrading enzymes,
AkMan and AkMnsd were present in the digestive fluid of 4. kurodai. By the synergistic action of
these enzymes, 4. kurodai can depolymerize the ingested seaweed mannan efficiently to

D-mannose which can be assimilated by this animal as a carbon and energy source.
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Mannan-degrading enzymes from the common sea hare,
Aplysia kurodai
(7 27 9 Aplysia kurodai D= ¥ F vy IREEZ 2T 50%%)

TR I ORI CEIE O & ZRICHEET ABERO A FF 7 ) u V—~DERIZEL
BEESTWVWD, oo pBERIIo Yy FRL X YRIDLOIZKIEN, <0 Fr 2881 54%E
OEERCRS, R EORERBICAHATHEZ b, EENICLASFAEATHS, w0+
RV AOEELIEEETHY, TONBERO S ) 2 FESENASRTE L0, =R
BeFdF—¥ (EC3.2.1.78) LEHEEND, —FH, v rRovr /4 THEOHEBILERBIERL
Tw /) —REERET b 00, v~ /) vF—¥ (= YR~ ) —F, EC32125) Tha,

Aiw L, BRMMEREO—RBTH DT A7 T ¥ dplysia kurodai DELIRIZE EN D~ —FE
LV~ ) v F—FBE, BRI u~v b T T4 —RAF LRI~ I TF 74— %IZ LD ET DL
DITEEGIEZRET D ZLIC K> THBEEL, £ 004 ZROMEIROMNT, cDNA 7 o—= 7285
—RBEOHT B L O~ FF—RICE LTI RBE 2 AVl BRORRLEEEIT>-bDOT
HbH, TOMRBRICELY, WREO~ T U 0fBERICET 2 4ELENB L UMD FEM LR L
HRATHDTHIZENTER, EDZ, TATZFVOBEL-HE GRCRELLE) K85Ensd~
Y UBEERICE o THENICY L ) AR ETHMEIND ZEZERATHE L HIZ, ZDEUKE
D Z DWW ORFE - =HXNAF—RE LTHAESN TV D EEENZ R L, AR EOEE L
To#y TH5D,

1. 7275 OMIEN S 55+ 40,000 D> F-p-1,4-~ > FF—+F AkMan % B3 2 = L I2RT
L7z, AkMan [ZEBIREEMN 55°C T pH 4.0-7.0 DAV pH B TENVMERE 2R3 & W 5 BER O#kiEE)
MO~ FF—BILIER LNV EMER LTV e, £7-, AkMan (&8 IV kOB~ F
i Tal, BEEMH RO IV a<w R h T s b oGRS DEL, SbiC, aAD
FY THEEB T D 0MIEEE BT 5 Z LIk ¥, AkMan DIEMEERAT O K & X135 BE~6 BEIC
WY T2 LML,

2. T AT T OB mRNA 7548 L7- cDNA 7°6, PCRIZL D AkMan % =2— K43 cDNA
B — LT B LI LIz, 2D cDNA L 1392bp 20HAE Y, ORI S 369 BED
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73 BRI ASEIER S, BES T’ 39961.96 & B SNT-, AkMan D7 I/ BEECS A, M,
B, MBI OETHESHO~ T —E07 I BRI RT D Z LI KD, AEEREN
glycosyl-hydrolase-family 5 (GHFS)? subfamily 10 \Z&T 5 Z & #BH T LT,

3. KBEOEEFERERLAMTSZLICLY, MBI AkMan OEFEICRE) LT, MBI BERIT
F4K AkMan & [F8E, pH 4.0-7.0 THWIEMEZTRL, B~ TR0 T 7 b~ U2 nBaET
HDHH, BEREEIKTTI2ZILE2HLMNILE,

4. T AT F L OMLEND, B-vr/ ¥ —F AkMnsd & BIlET 5 2 LTI Lo, AR, v
) A Y TEERpNP-v Y ) v RE R HMEL, AkMan #£EFE T CEHE~ T RHFF 7 bwr T
DRICHEL D-v > ) —RAEELT, ZOZEND, TAZ7IVidvrFF—ELwr /v F—
PEAVNCHEHED v TrE<r ) —ACHMRL, RERE LTRHALTWS LHEFE LT,

5. AkMnsd ® cDNA # 27 o — (k352 LITRHII LI, 2@ cDNA i1 2985bp 23HhE D, 931 F&AkD
73 BESE 2 — FLTWWe, 20 DNA T, REBY THID Crn—ikdhizvy/ V45—
PORGF ThHoT. Z0 cDNADOHEESNDT I /) BEFIN G, AkMnsd 1L GHF2 (2B ¥ HRF
FThHDZEEZHLMIILI,

Plb, AFRISEERBEET A7 5D 3EBF L LT B-14-v ) —BEpor ) v F
— P OREEREM L —RIEEFFALMHITEEEBIT, P14 T —BIZ oW T RBHEIC L Dk
ABERORBREBEL, ABEOZ AV ETHNERLEHFELZLOL LTEIHETE D, Lo
TEER-FIXREEHEL KERY) OFMEREINZERODDLHOLHELE,
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